E -
Scenacwer

NACA RM L.9AG4

B

' Inactive 77 v L
LR 1[315¢ ™

ESEARCH MEMORANDUM

A TI-IEORECAL INVESTIGATION OF THE DYNAMIC LAT;E‘.RA

L
CILLATORY STABILITY OF AN AIRPLA@J

S
rg\ HAVING A 60° TRIANGULAR WING L-;‘, =
ﬂ- ; OYE &,
m ﬁ By ]osephL Johnson E oy i J't
L\\ 43 Langley Aeronautical Laboratory o3 3 i \f* ' "g

Iangley Air Force Base, Va. = a R I
O _5 y :
- Lo
RS
o 1
Fa3Tw |
a'ag S
AW AT
O E &
‘ e

o~

INATIONAL ADVISORY COMMITTEE
FOR AERONAUTICS

WASHINGTON
March 8, 19580

BN A

RM LOAG4

A Ib:

/Uf2.2 {85



v TN B o pemppnti

NATTONAL ADVISORY COMMIPTEE FOR AERONAUTICS

RESEARCH MEMORANDUM

A THECRETICAL INVESTIGATION OF THE DYNAMIC LATERAY.
OSCILLATORY STABILITY OF AN ATRPIANE
HAVING A 60° TRTANGULAR WING

By Joseph L, Johnson

SUMMARY

A theoretical study has been made of the dynemic lateral gtability
characteristics of an ajrplene having a 60° triangular wing. The calcu—
lations included the determination of the neutral—lateral—osclllatory—
stebility boundary (R = 0), the period and time to damp to one—half
amplitude of the lateral oscillation, and the timé to damp to one~helf
amplitude for the spiral_mode; Factors varled in the investigation
were 1ift coefficient and altitude. Since small changes in some of the
mass and aerodynamic characteristics may cause considerable differences
in the lateral stabllity of an alrplane, it 1is well to keep in mind that
the results presented hereln apply only to an alrplane having the
characteristics for which the calculatlons were mads.

The results of the investigation showed that the lateral oscillation
of the airplane was stable over the lift-—coefficient range at sea level
and at an altitude of 30,000 feet. The damping of the lateral oscil—
lation met the U. S. Air Force requlrements for all conditions except
in the low—lift-coefficient range at 30,000 feet. The airplane was
spirally steble for all conditions.

INTRODUCTION

A theoretical study has been made of the dynamic lateral stability
characteristics of an ailrplane having a 60° triangular wing. A three—
view sketch of the airplane is shown in figure 1. The analysis was
made by the Langley free—flight—tunnel staff end the calculations were
made at the Langley Laboratory on a relay computer.
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Celculations were made to determine the neutral—lateral—oscillatory-—
stabllity boundary (R = 0), the period and time to damp to one-half
amplitude of the lateral oscillation, and the time to damp to one—half
amplitude for the spiral mode for the airplane over the lift—coefficient
range with a gross weight of 14,114 pounds at sea level and at an altitude
of 30,000 feet. The results of the inveastigation are presented in the
form of stabllity charts where the boundaries R = O are plotted as
functions of the effective dlhedral parameter —CIB and the directional—

staebility parameter CnB. The period and time to damp to ‘one—half
amplitude are presented as functions of 1ift coefficient.

Recent theoretical investigations (réference 1) have shown that small
changes in some of the mass end aerodynamic characterlistics may cause
considerable differences in the lateral stabillty of an airplane and 1t is
well to keep in mind that the results presented hereln apply only to an
airplane having the characteristics for which the calculations were made.

SYMBOLS AND COEFFICIENTS

s wing area, square feet

T mean a.erodyna.mic chord, feet

v alrspeed, feet per second

b wing span, feet |

qQ dynamic pressure, pounds per square foot

o) alr density, sluge per cublc foot~

W wolght, pounds

e acceleration of gravity, feet per second per second
m mass, slugs (W/g)

Hy relative density factor based on wing span (m/pSb)
a angle of attack of reference axis (fig. 2), degrees
] angle of attack of principal longitudinal axis of alrplane,

positive when principal axis is above flight path at the
nose (fig. 2), degrees
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angle between reference axis and principal axis, positive
when reference axls 1s above principsl axlis at the nose
(fig. 2), degrees

angle between reference axis and horlzontal axls, positive
when reference axis is above horilzontal axis at the nose
(fig. 2), degrees

angle of flight to horizontal axls, positive in a climb
(fig. 2), degrees

angle of yaw, degrees or radians

angle of sldeslip, degrees or radlens

angle of bank, radians

Routh's discriminant (R = BCD — AD® — B°E where A, B, C,
D, and E are constants representling coefflclentes of the

lateral—stability equation)

raedius of gyration about principal longlitudinal axis, feet

radius of gyration about princlpal vertical axis, feet

nondimensional radius of gyration about principal longitudinal

axis (kxb/ED

nondimensional radius of gyration about principal vertical

axls (kzo[9

nondimensional radlus of gyration about longltudinal stebllity
axis <\/Ezoecosen + Kzoeéingn

nondimengional radius of gyration aboub vertical stability
axis 2co82 Ky 28in? )
(V‘EZO cosen + XO TL

nondimensional product—of—inertils parameter

((K202 - Kxoa cos 1 sin 1])
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1ift coefficient (Lift/qS)
yawing-moment coefficient- (Yawing moment/qSb)

rolling-moment coefficient (Rolling moment / qSb)

lateral—force coefficient (Lateral force/qS)

rate of changs of lateral—force coefficient with angle of
sideslip, per degree or per radlan, as specified (BCY/BB)

rate of change of yawing-moment coefficlent-with angle of
sideslip, per degree or per radian, as specified (oC,/0B)

rate of change of rolling-moment coefficient with angle of
sideslip, per degree_or per radisn, as specified (oC;/0B)

rate of change of lateral-forcé coefficlent with rolling—
; A Xy

b
%

angular-veloclity factor, per radlan

rate of change of rolling-moment coeffi_c:pent_with rolling—

5P
2v.

angular-velocity factor, per radlan

rate—of change of yawling-moment coefficlent with rolling-—
Cqy
N

av

angular-velocity factor, per radian

rate of change of rolling-moment coefficient with yawing—

angular—velocity factor, per radian a2
arb
2v.

rate of c‘ha.nge'Of yewing-moment coefficient with yawing—
o =g ; . BCn\

i
2v.

angular-velocity factor, per radlan
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CY}

|

Ti/2

C1/2

] >
rate of change of lateral—force coeffliclent with yawing—
' oC
angularavelocity factor, per radian ik 4
b
2v.

tail length (distance from center of gravity to rudder hinge
line), feet

height of center of pressure of vertical tail above fuselage
axis, feet

rolling angulsr velocity, radlans per second
yawing angular velocity, radians per second

differentiel operator (4/dsp)
distance along flight path, spans (V&/b)

complex root of stability equation (c t id)

time, seconds

period of oscillation, seconds

time for amplitude of oscillation to change by factor of 2
(positive value indicates a decrease to helf amplitude,
negative value indicates an increase to double amplitude)

cycles for amplitude of oscillation to change by factor of 2

(positive value indicates a decrease to half amplitude,
negative value indicates an increase to double amplitude)

EQUATIONS OF MOTION

The nondimsnsionel lateral equations of motion (reference 1), referred

to a stability-exes system (fig. 3), are:

In roll

2ub(Kx2Db’=‘¢ + Kzzpb29 C1g8 + 201 Dvf + 201, Do
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In yaw
2uy (Kzzbb2*+ EzPu28) = CngP + %‘Cnpﬁbiz s
In sidesllp

2up, (DpB + Dyp¥) = Oygh + L0y Dyp + Crf + Loy, Dy¥ + (O, tan o )¥

When ¢°e>"sb is substituted for @, ’Voeksb for ¥, and B oMb

for B in the equations written in determinant form, X must be a root
of the stabllity equation

M”;Bx3+cx2+-m_+n=o (1)

where T T

A = 803 (KxPKy? ~ Kxz?)

B =-2um,2 (EKXQKZQCYB +Ex Cp_+ 'Ic.zec'zp - EKxZECYB ~ KyrCq -'szcnp)

C = ub(KXQCanYB + WpRePCng + K701 Oy + £0n 01, — KxzCy, Oy — WunKazCyy
— Cn KxzCyg — %cnpc 1, + KxzlngCy, - KZ%YPCZ 8~ Kxechan +. XxzCY,C1 B)

1 .
D =_Ecnrc7'chB - ubCZPCP'B + T];CnpclrcYB + [J.'anPCZB + E“bCLKXZCnB

2 2 .
— 20170y, — 2upKyCp Cr, tan 9 + 2upKyyCy Op, ten y + i’clpcnchr

- - 1
ﬁCnPCzBCYr : i]CCernBCYp *+ 50,01,507,
E =4 -
2 CL(Cnrcza Clrfna) + 2°L ten V@chna - CanZs)
L ]
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The damping and period of the lateral oscillation in seconds are glven,
= —9'—62 E and P = 2_If B

1/2 c v av

where ¢ and d are the real and Imeginery parts of the complex root of the

stabllity equation. The damping of the splral mode 1s determlined simllarly

from one of the two real roots (usually the less steble one) of the stability

equation.

respectively, by the equatlons T

The conditions for neutral—oscillatory stablillty as shown in refer—
ence 2 are that the coefficients of the stabllity equation satlisfy Routh's
discriminant set equal to zero

R = BCD — AD® — B°E = O

and that the coefficients B and D have the same sign. In gemeral., the
gign of the coefficient B is determined by the Ffactors -CYB s —Cnr,

and —CZP which appear in the predominant terms of B. Thus, B 1is

positive in the usual case in which there is positztve weathercock stabllity
and positive damping in roll, Hence, the coefficlent D must be posltive
if R =0 1s a neutral—oscillatory—stability boundary.

Calculatlons

Calculations were made to determine the neutral-lateral—oscillatory—
gtability boundary (R = 0), the period and time to damp to one-half
emplitude for the lateral oscillatlon, and the time to damp to one—half
amplitude for the spiral mode over a lift—coefficient range (0.1, 0.5,
and 1.00) for the alrplane with a gross weight of 14,114 pounds at sea
level and at an afitude of 30,000 feet.

The eerodynamlic and mags characterlistics used iIn the calculations
are presgented in table I, Values of Cn ) and Cy
| B(tail orr) B(ta1l ofr)
were teken from force tests made on a similar configuration in the
Amss 40Dy 80-Foot tumnel. The tall—off values of Cnps Gy, Cn_p s

and CZP were estlmated from reference 3 and from umpublished experi—

mental data obtalined in the lLangley stability tunnel. The contributions
of the tail to the stability derivatives were egtimated from the equa—

tlons glven in the footnote of table I and are gimilar to those glven in
reference 4, The estimated values of Cnp for the complete model for a

1ift coefficlent of 0,1 and 0.5 are in reasonsble agreement with
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experimental date from the Langley stebility tumnnel, but no reliable
experimenteal data are avallable for comparison with the calculated value
for a lift_coefficlient of 1.0. "

The roots of the stabllity equation were computed to determine-the
period and time. to damp %o one-half amplitude for each condition for which
a boundary was calculated. Presented in teble II are the aserodynamic and
mass characteristics used in compubing the roots of the stability equa—
tiong., The values are eggentially the same'as those given in table T
except that the mass characterlstics are presented In a difflerent form S
and the total derivatives are given for each condition.

RESULTS AND DISCUSSION

The results of-the calculations are presented in figures 4-to 10.
A1l results are presented.in terms of lift—coefficlent and figure.9 is .
presented for convenlence in Interpreting the results 1n terms of alr—
speed. Figure 10 i1s presented to show how the damping of the airplane
compares with the damping requirements of the U. S. Alr Forcs.

Neutral-Lateral-Oscilllatory—Stabllity Boundaries

The effect of 1ift coefficlent on the neutral—lateral—oscillatory—
stability boundaries (R = 0) is presented in figures 4 and 5 for the
alrplane atsea level and 30,000 feet, respectlvely. The symbols on
these figures represent the Cj ng and .—CZB values for the alrplane at

each. 11ft coefficlent. Filgure 4 shows that the alrplane was oscillatorily
stable for each 11ft coefficlent and that the bounﬁary shifted downward
with an Increasgse In 1ift coefficlent:- .

Increasing the altitude to 30,000 feet produced very little change o ol
in the position of the .R = 0 boundary for a glven 1ift coefficient as :
shown by a comparison of figures 4 and 5., A small destabilizing shift
of the boundary occcurréd &t C1 = 0.10 eand was the largest change in
the boundary over the lift—coefficlent range.

Perlod and Demping of the Lateral Osclllation

The effect of 11ft coefficient on the recipro¢al of the time to
damp to one~half amplitude and the period of the lateral oscillation is
presented in figures 6 and T, respectively, and the results are tabulated _ B
in taeble III. The alrplane is stable for all conditions of altitude and ' .
1ift coefficlent with the greatest damping occurring at sea level. The _ -
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results of flgure T show very little change in the perlod of the
osclllations with change in altltude.

Presented in figure 8 are the damping characteristics of the air—
plane 1n terms of cycles. The cycles to damp are determined by dividing

the tlme to damp by the period. If the value of

- is cater
Ci/2 &

than 0.50 1t means that the lateral oscillatlon damps in 2 cycles or

less. It 1s seen from this figure that the lateral oscilllation damps

in 2 cycles or less for all conditions sexcept at a 1lift coefflcient of

0.10 at an altitude of 30,000 feet,

Pregsented 1n figure 10 are the calculated demping characteristics
far the alrplane in comparison wlth the required desmping specifications
of the U. S. Alr Force (reference 5). The symbols in this figure
represent the points under consideration for the airplane and show that
the condltlons Investigated meet the Alr Force requirements for satis—
factory damping except at the low 1ift coefficients at an altitude of
30,000 feet., -

Spiral Stability

The reciprocal of the tlms to damp to one-half amplitude for the

.8plrel (aperiodic) mode is presented in table ITTI. It is seen that the

splral mode is slightly stable over the low and medium lift—oefficlent
range. At a 1ift coefficient of 1.00 the aperiodic mode dlsappears and
& stable long—period oscillation occurs. The sea—level condition showed
the greatest amount of splral stability over the lift—coefflclent rangs
and lncreasing the 1ift coefficlent increased the spiral stabllity for
both the sea—level and 30,000—foot—altitude conditiloms,

The Alr Force flying-—qualities reguirements do not call for splral
stability, but state that the splral mode should not double amplitude in
less than 4 seconds, It 1s therefore concluded that an sirplane of this
type will have satisfactory gpiral stability for the conditions
investigated.

CONCLUDING REMARKS -

The results of the investlgation are summarized in the following
parsgraphs. Since small changes 1n some of the mass and aerodynamic
characteristics may cause conslderable differences in the lateral
stability of an ailrplane, the results apply only to a 60° triangular—
wing airplane 1n the condlition for which the calculations were made.
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1, The latersl oscillastory stablility was satlsfactory over the 1lift—
coefflclent range for the alrplane at sea level.

2. Increaging sltitude decreased the damping for all 1ift coef—
ficients. The alrplane was stable at an altitude of 30,000 feet, but
did not meet the U, S. Alr Force specifications over the low—lift—
coefflclent range. ’

3. The airplane was gpirally stable for all cond.it~ions.

Langley Aeronsutlcal Iaboratory
National Advigory Commlttee for Aercnsutics
Langley Alr Force Base, Va.
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CHARACTERTETICS OF A 600 TRIARGULAR-WING ATRFLAFE USED TN TETREMINIRG
TER NEOTRAL-LATERAY,-OSCILIATCRT-SRABLLITY BOGNDARIES
E-31.30 ft; B = b25.00 5 £ty W = LI11h.0 1b; 7 = 0 %-o.alm;
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.00 23.2 | 5.1 |18.1] 13.83| 3.086 | 9.48 | 0.00238 -573 =100 -10 040 -T2 ~.166
4.1 | 2.215.1[-2.9(37.03] 3.86[9.45 |0,000880| -0.1145 0,035 -0.13 0.005 0,010 ~0.010
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TABLE IT

CHARACTERISTICS OF A 60° TRIANGUIAR-WING ATRPLANE USED IN DETERMINING

THE PERLIOD AND TIME TO DAMP TO ORE-HALF AMPLYTUDE

E!-YP-O; er-o;yﬁo‘ﬂ

B 2(@2 c Oy c c c

’ 1 1 n n

Altitude | Cn ) m | (‘b> 0 ||| R | Crgg| Piotal| Ttotal| Protal| Ttotel /o5¥
0.10(-2.5/13.83|0.0152|0.0916 [0,015k [0.0914{-0.00386(~0.1772 | 0,688 | 0.0466 | 0,04516 |~0.0590 (0.801

See level| .50| 6.5|--do-|--do--|--do--| .0161| .00k .0086 | -, 1125 | -.715 0396 L0515 | —.0591 [1.840
1.00(18.1|--do-|=-do--|-~do~- | .0225| .084%2} .0226 | —1109 | —.,B60 | —,1437 | .0683 | —.2390 |2,550
0.10|-2.9{37.03|0,0152( 0.0916 (0,015 |0.0914|~0.00386 |-0.17T2 | —~0.688 | 0,0L66 | 0.0M16 |~0.0590 |1.3k2

30,000 £t{ ,50| 6.5|--do-|--do--|-~do—-| .0161| .090%| .00B6 | —.1125 [ —.715 .0396 .0515 | —.0591 |3.00L
1.00(18.1|--do-| ~~do--| --do—-| ,0225| .08k2| ,0226 | —.1109 | =860 [ —.1437 | .0683 | —.2390 |4.2h5
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TABLE III

PERIOD AND RECTPROCAL OF TIME TO DAMP TO ONE-HALF

AMPLITUDE FOR A 60° TRIANGULAR-WING ATRPLARE

" Oseillatory mods Aperiodic (apiral)
mode
Altitude C, ° Bt Perlod T /o Ty /o y Tll o
(vor deg)* | (ver deg) 1/ 1/2 /
(1/sec) | (1/cycles) (1/sec)
(0.10 0.00083 | 0.00085 2.97 | 0.3k 0.935 0.00790
Sea level | { .50 . 000647 .00165 k.66 .361 1.67 .109
100 | Looose| ooowss [fagl |32 | Gl o
(.10 00083 | .00085 | 3.02 | ..m 426 00k90
30,000 £t | { .50 000647 .OCL65 b A5 .2h0 1.06 0557
4,76 234 1011 | s
200 000912 | - -000933 éu.as 2o | 833 wrmmne
o] N
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2110

ASPECT RATIO 2.3
CG LOCATION. 285 percent MAC,
WLl -3.00

Q.

*

¢ WING AREA 425 Frt
© 3.33 FT.
N~

[\’

[ 5.2 -
f —~ 4130 S
jee—— /6.2 O———=d .
[ 1
S,

R §
= e T

- —

,L b —l-,-l‘-\—

s N 'Y

Tanre ~w

Figure 1l.— Three—vilew drawing of the 60° triangular—wing airplane used
in the lnvestigation. All dimensiong are in feet.
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Reference axis

Prineipal axis oc e_! \

Flight path X

Horisontal axis

zZ

Figure 2.— System of axes and angular relatlionship in flight. Arrows
indicate positive direction of angles. 7 =6 — 7 — €.
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Wind
direction

(3] . R A
Wind info
the page

& T
X —ed

Wind

direction

4

Figure 3.— The stabllity system of axes ls definsd as an orthogonal
gystem of axes having thelr origin at the center of gravity and in
which the Z—~axis is 1n the plane of symmetry and perpendiculer to the
relative wind, the X—exie is in the plane of symmetry and perpendicular
to the Z—axis, and the Y—exis is perpendicular to the plene of symmetry.

Arrows Indicate positive directions of moments and forces.
<
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Figure L.— Effect of 1ift coefficlent on the neutral—lateral—oscillatory—
stabllity boundary (R = 0) for the 60° triangular—wing airplane. Sea—

level conditilocn.
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Figure 5.— Effect of 1ift coefficilent on the neutral—latersl—osclllatory—
stability boundary (R = 0) for the 60° triangular—wing airplane.

30,000—foot altitude.
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Flgure 6.— Effect of 1ift coefficiemt on the reciprocal of the time to damp to one—nalf amplitude of
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Figure 7.~ Effect of lift coefficient on the perlod of the lateral oscillation for the 60° triangular—
wing airplane, '
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Figure 8 Effect of 11ft coefficient on the reciproca.l of the cyclea to deamp to ons—half amplitude-
of the lateral oscillation for the 60° tria.ngula.r—w'.’(ng airplans.
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1O Seqg leve/ Q, Q00 feet
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Indicated awrspeed, mph

Filgure 9.— Varlatlon of 1ift coefflicilent with alrspeed for the
60° trisngular-wing airplane.
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GL Altitvde
O 0.10 Sea level
O .50 -do-
O 1.00 ~do-
A .10 30,000
D .50 -do-
O 1.00 -do-
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o
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E\ MUY AN WA
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O / 2 3 4 5

Peyrrod, sec

Figure 10.— Damping characteristics of the 60° triangular-wing airplane
compared with the damping regulrements of the U. S. Alr Force.
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